As a synthesis of capital, technology, knowledge and information, foreign direct investment(FDI) has a significant impact on the host country's economy, and the infrastructure is no exception which is an important part of one country's economy. This paper aims to empirically analyse the impact of FDI on infrastructure, using the panel data of ASEAN countries' infrastructure and FDI from 2003 to 2017 and compare the infrastructure effect of FDI from China and FDI from countries besides China. Result shows that FDI of ASEAN countries did improve the infrastructure level and for every 1% increase in FDI of ASEAN countries, the infrastructure level of ASEAN countries rose 0.308%. In addition, FDI from China of ASEAN countries did improve the infrastructure level and for every 1% increase in FDI from China of ASEAN countries, the infrastructure level of ASEAN countries rose 0.252%. Therefore, as a bottleneck of ASEAN's economic development, infrastructure can be improved by attracting FDI, especially FDI from China.
Introduction
Infrastructure, including transport, power, telecommunications, water supply and sanitation, is a fundamental input into production and productivity increasing. Aschauer (1989) verified the importance of infrastructure investment in stimulating economic growth through his research's result that the slowdown of economic growth in the United States around the 1980s was mainly due to the insufficient expansion of infrastructure investment. Esfahani and Ramirez(2003) pointed out that if African countries reached the level of East Asia in investment in telecommunications and energy infrastructure construction in the 1980s and 1990s, their annual economic growth rate would be 1.3 percentage points higher. Similar conclusions have been drawn in empirical studies on China by Démurger (2001) , Qingwang and Junxue (2006) . Furthermore, many empirical studies believed that good infrastructure can promote economic growth through the improvement of production efficiency (Hulten et al., 2006; Agénor et al., 2006) , transaction efficiency (Holl, 2004; Michaels, 2008) and spillover effect (Cohen & Paul, 2004; Hulten et al., 2006; Zhang, 2012) . But, an important problem faced by developing countries in economic development is the fact that imperfect infrastructure leads to high transaction costs (Yifu, 2016) . The report of Meeting Asia's infrastructure needs by Asian Development Bank shows that developing countries in the Asia-Pacific region need to invest 6% of GDP in infrastructure to sustain economic growth, but at present this proportion is less than 5%. As important parts of Asia-Pacific countries, ASEAN's ten member countries have maintained relatively fast economic growth in the past period, but they also face the problem of imperfect infrastructure. In order to maintain a fast economic growth rate, the gap in infrastructure investment needs to be filled urgently.
Because of the shortage of capital and technology in ASEAN countries, it is difficult to fill the infrastructure gap by their own strength, so these countries must seek external sources of capital and technology. Since the 1960s, foreign direct investment(FDI) has always been a hot topic in the field of international economic research because of its important influence on economy of host country. As a combination of capital, technology and knowledge, FDI can directly and indirectly improve the infrastructure of the host country. In 2018, the FDI flow absorbed by ASEAN had came to 154712.98 million US$, and 10187.47 from China with a proportion of 6.6%. Have these FDI improved the infrastructure level of ASEAN countries? What is the mechanism through which FDI improve the host country's infrastructure? The answers to these questions will help ASEAN and all developing countries to make better use of FDI. Therefore, this paper empirically analyses the impact of FDI absorbed by ASEAN countries on their infrastructure level on the basis of analyzing the ways of FDI improving the infrastructure of host countries, and compares the differences of the impact of FDI between China and other countries on the infrastructure level of ASEAN countries.
Literature Review
With the rapid expansion of FDI worldwide since the 1960s, the theory of foreign direct investment has undergone a development from micro level to macro level. Since FDI originated in developed countries and was dominated by developed countries, the early FDI theory focused on the competitive advantage of investors, believing that multinational corporations in developed countries undertake foreign investment because of monopoly advantage (Hymer, 1960) , internalization advantage (Buckley & Casson, 1985) , location advantage (Dunning, 1993) and marginal industrial expansion (Kojima, 1978) . Some developing countries have achieved rapid economic growth through the use of FDI, which has attracted a lot of scholars' attention. A large number of studies have been made on the factors affecting the location selection of FDI and the impact of FDI on the economic growth of host countries. Part of these researches explore the relationship between FDI and infrastructure.
There are three main types of research on the relationship between FDI and infrastructure. One type of research focuses on the interaction effect of FDI and Infrastructure on economic growth. Nourzad et al. (2014) put forward hypotheses that the effect of FDI on per capita real income depends on the size of the host country's infrastructure and verified the hypothesis. Sui et al. (2017) analyzed the relationship between China's FDI in the countries along the Belt and Road, the infrastructure construction along the Belt and Road and the actual GDP of these countries based on the unbalanced panel data of 64 countries from 2003 to 2012. They found that about 30% of the effect of China's foreign direct investment on economic growth of countries along the Belt and Road was achieved by improving the infrastructure level of these countries. Jiang et al. (2018) concluded that there is a institution threshold for the effect of China's OFDI on host country's economic growth through improve host country's infrastructure.
The second type of research focuses on the effect of infrastructure on FDI. These research believed that good infrastructure is an important factor to attract FDI. Globerman and Shapiro (2002) employed a broad sample of the developed and developing countries from 1995 to 1997 in their study and came to the conclusion that governance infrastructure is an important determinant of both FDI inflows and outflows. Ang (2008) used Malaysia's annual data from 1960 to 2005 in their research and found that the expansion of infrastructure, measured by government transport and communications expenditure, increased FDI inflows to host countries. Chakrabarti et al. (2017) employed unique data at the district level in India in their research and found that FDI inflows increased steeply with an increase in infrastructure.
The third type of research focuses on the effect of FDI on infrastructure. This type of research is relatively few, and the conclusions are inconsistent. Through their research, Yamin and Sinkovics (2009) believed that in the least developed countries, because of the low impact of FDI on development and the rising cost of attracting investment, FDI aggravated the constraints of Government Finance on infrastructure construction and had a negative impact on infrastructure development. Huang et al. (2018) used the unbalanced panel data of 64 countries along the Belt and Road from 2003 to 2013 to analyze the impact of China's direct investment to the countries along the Belt and Road on infrastructure. They found that China's direct investment in the countries along the Belt and Road significantly improved the infrastructure level of these countries.
From the existing research, FDI has a great impact on the infrastructure of the host country, but few studies focus on the impact of FDI on infrastructure, and the conclusions are inconsistent. Thus, this paper aims to empirically analyse the impact of FDI absorbed by ASEAN countries on their infrastructure level on the basis of analyzing the ways of FDI improving the infrastructure of host countries, and compares the differences of the impact of FDI between China and other countries on the infrastructure level of ASEAN countries.
Research Design

Theoretical Analysis
For the host country, FDI means not only capital inflow, but also the inflow of advanced technology, knowledge and management experience. It can also bring up-to-date market information and increase export opportunities. Because of the above advantages, FDI can improve the infrastructure level of the host country directly and indirectly, and further promote the economic development of the host country.
Firstly, part of FDI invest directly in the infrastructure industry of the host country, which can directly improve the infrastructure level of the host country. Taking China's FDI in ASEAN as an example, the amount and proportion of China's investment in the main ASEAN infrastructure industries in 2017 are as follows: 1896 million US dollars in Construction industry, accounting for 13.4%; 758 million US dollars in Transportation, Storage and Postal Services industry, accounting for 5.4%; 633 million US dollars in Production and Supply of Electricity, Heat, Gas and Water industry, accounting for 4.5%; 168 million US dollars in Public Health and Social Work industry, accounting for 1.2%; 47 million US dollars in Water Conservancy, Environment and Public Facility Management industry, accounting for 0.3%. These investments have greatly improved the infrastructure level of ASEAN countries and laid an important foundation for their long-term economic development.
Secondly, the advanced technology, knowledge and management experience brought by FDI can improve the infrastructure level of the host country by improving the technology level and efficiency of the host country. After the upgrading of the host country's technology level, the infrastructure construction that could not be implemented before due to technical bottlenecks can be put on the agenda, thus improving the implementation level of the host country's infrastructure. In addition, due to the improvement of investment efficiency, the same amount of investment can achieve more infrastructure investment than before.
Thirdly, the market opportunities brought by FDI can form a competitive effect and increase domestic private and government investment in infrastructure in host countries. The region that successfully attracts FDI can achieve better economic development. In order to play the role of FDI in a better way, regional governments will make greater investment in infrastructure support. If other regions want to attract FDI, they must also improve local infrastructure. As a result, this competitive effect raises the level of infrastructure in host countries.
Model Specification
Infrastructure is not only the basic material condition of a country's economic activities, but also an important manifestation of a country's material living standard. Therefore, the level of infrastructure is affected by the level of economic development and economic structure. This paper holds that the speed of economic growth, economic structure and export of a country are all important internal factors affecting the level of infrastructure, while one of external factors affecting the level of infrastructure of a country is FDI, which is the focus of this study. Therefore, the basic research model of this paper is constructed as follows:
lnINF it =β 0 +β 1 lnFDI it +β 2 GDPG it +β 3 STRU it +β 4 lnEXP it +ε it (1)
Where INF it represents infrastructure level of i country in t year, FDI it represents FDI stock of i country in t year, GDPG it represents GDP growth of i country in t year, STRU it represents the economic structure of i country in t year, EXP it represents the amount of export of i country in t year, ε it represents the random disturbance term. The dependent variables and key independent variables in the model are in logarithmic form, because logarithmic model can study the elastic relationship between dependent variables and independent variables, solve the problem of heteroscedasticity and make biased data close to normal distribution.
China's outward FDI has been at the forefront of the world in recent years. As a developing country, China's outward FDI is different from that of developed countries. The main differences include that China's outward FDI can bring the successful experience of China's development to developing host countries, and invests a lot in the field of infrastructure. Therefore, China's outward FDI is more in line with the needs of developing host countries' economic development. So, on the basis of basic model research, this paper further explores the difference between China's outward FDI and other countries' outward FDI in the impact of ASEAN infrastructure.
lnINF it =θ 0 +θ 1 lnFDIC it +θ 2 lnFDIO it +θ 3 GDPG it +θ 4 STRU it +θ 5 lnEXP it +ε it
Where FDIC it represents FDI stock from China of i country in t year, FDIO it represents FDI stock from countries besides China of i country in t year. Coefficient θ 1 and θ 2 indicate the impact of China's and other countries' investment in ASEAN on ASEAN's infrastructure level, respectively.
Data and Descriptive Statistics
This paper aims to empirically analyse the impact of FDI absorbed by ASEAN countries on their infrastructure level. So the sample countries are ten ASEAN countries. Annual panel data span from 2003 to 2017 because that the data of China's investment in 10 ASEAN countries have been published since 2003.
Infrastructure involves a wide range of industries, such as transport, power, telecommunications, water supply and sanitation. In order to reflect a country's infrastructure level more comprehensively, this paper determines the weights of various industries through the entropy method, thus forming a comprehensive infrastructure index. Due to the lack of data, this paper selected the data of length of paved road from ASEAN official website, the The data of GDP growth and export come from WDI. This paper uses the proportion of secondary and third industries as an indicator of economic structure, data of which comes from WDI. The descriptive statistics of all variables are as shown in table 1. As can be seen from table 1, this paper applies balanced panel data, the standard deviation of all data is small and there is no extreme value. Therefore, the balanced panel data used in this paper do not need to be further processed and can be used for regression analysis. 1, figure 2 and figure 3 , we can find out that there are positive relationship between ASEAN's infrastructure and FDI, ASEAN's infrastructure and FDI from China and ASEAN's infrastructure and FDI from countries besides China. But, these positive relationships need empirical proof. 
Empirical Analysis
Research Method
This paper employs Stata to make regression of panel data of the infrastructure level and FDI of ten ASEAN countries from 2003 to 2017. At first, stationary test is made to avoid false regression. Then, pool regression, random effect and fixed effect regression are made in turn to estimate model (1) to find out whether FDI has a positive effect on infrastructure. Next, hausman test is made to find out the most suitable method. Because the method of GMM allow heteroscedasticity and serial correlation in the random error, this paper employ GMM to estimate model (1) and model (2) to find out whether there is difference between the infrastructure effect of FDI from China and FDI from countries besides China.
Stationary Test
The stationary tests are made by the method of LLC, Harris-Tzavalis, Breitung, ips, dfuller and pperron, and the results are shown in table 2 and table 3. According to table 2 and table 3 , we found that all variables are not stationary, but the difference of all variables are stationary. Co-integration test is made to find out if there are co-integration relationships between dependent variable and independent variables both in model (1) and model (2), because all variables are integrated of order one I(1) rather than integrated of order zero I(0). The results of test are shown in table 4 and table 5. According to table 4  and table 5 , there are co-integration relationships between dependent variable and independent variables both in model (1) and model (2). Therefore, false regression can be avoided both in model (1) and model (2). 
Regression Analysis
The results of regression 1 to 6 for model (1) and regression 7 for model (2) are shown as in table 6. According to table 6, most coefficients are significant except regression 6, the r-squared of regression is between 0.755 to 0.855, which indicate that the results of regression 1 to 5 and regression 7 are perfect. The result of hausman test shows that fixed effect is more suitable. In addition, according to results of regression 3 to 5, regression 5 which fixes the year effect is the most perfect regression because significant coefficients in regression 5 are more than those of regression 3 and 4, and the r-square is the largest. Therefore, this paper focus on the analysis of results of regression 5 and regression 7 which applies the method of GMM. The coefficients of logfdi in regression 1 to regression 5 are all positive and significant, which verifies empirically that FDI of ASEAN countries did improve the infrastructure level of ASEAN countries. According to the result of regression 5, the coefficient of logfdi is 0.308, which means that for every 1% increase in FDI of ASEAN countries, the infrastructure level of ASEAN countries rose 0.308%. In regression 7 which applies the method of GMM, the coefficients of logfdic and logfdio are all significant and come to 0.252 and -0.349 separately, which indicate that FDI from China of ASEAN countries did improve the infrastructure level of ASEAN countries and FDI from countries besides China of ASEAN countries did not improve the infrastructure level of ASEAN countries. Because the amount of coefficient of logfdic in regression 7 comes to 0.252, we can also come to the conclusion that for every 1% increase in FDI from China of ASEAN countries, the infrastructure level of ASEAN countries rose 0.252%.
Conclusion and Suggestion
Research Conclusion
This paper aims to empirically analyse the impact of FDI on infrastructure on the basis of analyzing the mechanism of FDI improving the infrastructure of host countries using the panel data of ASEAN countries' infrastructure and FDI from 2003 to 2017. Furthermore, this paper makes a comparison between the infrastructure effect of FDI from China and FDI from countries besides China. Through research, this paper finds that FDI of ASEAN countries did improve the infrastructure level and for every 1% increase in FDI of ASEAN countries, the infrastructure level of ASEAN countries rose by 0.308%. In addition, FDI from China of ASEAN countries did improve the infrastructure level and for every 1% increase in FDI from China of ASEAN countries, the infrastructure level of ASEAN countries rose by 0.252%, but FDI from countries besides China of ASEAN countries did not improve the infrastructure level of ASEAN countries. Therefore, this paper comes to the conclusion that FDI from China of ASEAN countries has a positive effect on infrastructure, while FDI from countries besides China does not have a positive effect on infrastructure. Finding the difference is an important contribution of this paper. But, this paper don't analyse the reason of the difference empirically. It is the limitation of this research and also a new research direction.
Suggestion
Because China's economic development background is the same as that of most developing countries, accompanied by China's successful development experience, China's outward foreign direct investment has a tremendous impact on promoting the infrastructure and economic development of developing countries. So, ASEAN countries and other developing countries should strengthen economic cooperation with China, promote mutual investment and achieve common prosperity.
